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Description
TECHNICAL FIELD
[0001] This invention relates to a fuel cell system.
BACKGROUND ART

[0002] US 2006/263635 A1 describes a method of operating a fuel cell including the steps of monitoring a state
of hydration of the fuel cell and adjusting an operating parameter of the fuel cell based upon said state of
hydration.

[0003] A method for estimating the water content of a fuel cell is also known from US 2002/180448 A1. In the
course of this known method, conductivity of an electrolyte of a fuel cell is first obtained and the water content
of the inside of said fuel cell is then determined based on said obtained conductivity.

[0004] Also US 2008/311449 A1 shows a fuel cell humidity determining method in which first the flow rate of
the oxidizer gas is changed based on a comparison between an absolute voltage difference and a preset value,
and in which the humidity state in the fuel cell stack is determined based on a change in the absolute voltage
difference due to said change of the flow rate of the oxidizer gas.

[0005] JP2006-286436A discloses a conventional fuel cell system in which a wet state of an electrolyte membrane is
controlled to a desired wet state by controlling a flow rate and a pressure of cathode gas to be supplied to a fuel cell.
[0006] In afuel cell system, a flow rate of the cathode gas to be supplied to a fuel cell needs to be accurately controlled
according to a request so that output power of the fuel cell becomes target output power and flooding is prevented.
However, in the aforementioned conventional fuel cell system, accuracy in controlling the flow rate of the cathode gas
was poor due to a variation of an air flow sensor for detecting the flow rate of the cathode gas and the flow rate of the
cathode gas could not be accurately controlled to a target value.

[0007] Then, a voltage drop occurs, for example, if the flow rate of the cathode gas to be supplied to the fuel cell
becomes lower than a flow rate necessary to adjust the output power of the fuel cell to the target output power. Thus,
the target value of the flow rate needs to be set larger than necessary for safety, wherefore power consumption of a
cathode compressor increases to degrade fuel economy.

[0008] Since a voltage drop also occurs when the flow rate of the cathode gas to be supplied to the fuel cell becomes
lower than a flow rate necessary to prevent flooding, fuel economy is degraded for the same reason as above.

[0009] The presentinvention was developed in view of such problems and aims to provide a fuel cell system capable
of accurately estimating a cathode gas flow rate.

[0010] According to the present invention, a fuel cell system configured to generate power by supplying anode
gas and cathode gas to afuel cell is provided which comprises a cathode gas supply unit configured to supply cathode
gas to a fuel cell, a cathode pressure detection unit configured to detect a pressure of the cathode gas to be supplied
to the fuel cell, a fuel cell temperature detection unit configured to detect a temperature of the fuel cell, an internal
resistance detection unit configured to detect an internal resistance of the fuel cell, a target cathode flow rate calculation
unit configured to calculate a target cathode flow rate necessary for supply to the fuel cell based on an operating state
of the fuel cell system, a cathode flow rate estimation unit configured to estimate a flow rate of the cathode gas according
to the pressure of the cathode gas, the temperature of the fuel cell and the internal resistance of the fuel cell, and a
cathode flow rate control unit configured to control the cathode gas supply unit such that the estimated flow rate of
the cathode gas becomes closer to the target cathode flow rate.

[0011] Embodiments and advantages of the present invention are described in detail below with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIG. 1 is a schematic diagram of a fuel cell system according to a first embodiment of the present invention,

FIG. 2 is a graph showing a cathode flow rate necessary to maintain an internal resistance of a fuel cell stack at a
certain fixed value in relation to a stack entrance humidity RHc of cathode gas,

FIG. 3 is a graph showing the cathode flow rate when each of a cathode pressure, a stack temperature and an
atmospheric humidity indicates a certain fixed value in relation to the stack entrance humidity RHc of the cathode gas,
FIG. 4 is a graph showing a method for estimating the cathode flow rate based on the cathode pressure, the stack
temperature and the internal resistance,

FIG. 5 is a graph showing a wet control of an electrolyte membrane when an actual internal resistance is higher
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than a target internal resistance,

FIG. 6 is a graph showing the wet control of the electrolyte membrane when the actual internal resistance is higher
than the target internal resistance,

FIG. 7 is a graph showing a relationship between a wet state of the electrolyte membrane and the internal resistance,
FIG. 8 is a map for estimating the cathode flow rate based on a rotation speed of a cathode compressor and a
differential pressure before and after the cathode compressor,

FIG. 9 is a graph showing the wet control of the electrolyte membrane when the actual internal resistance is lower
than the target internal resistance,

FIG. 10 is a graph showing the wet control of the electrolyte membrane when the actual internal resistance is lower
than the target internal resistance,

FIG. 11 is a flow chart showing the wet control control of the electrolyte membrane according to the first embodiment
of the present invention,

FIG. 12 is a flow chart showing an electrolyte membrane wet control process, and

FIG. 13 is a flow chart showing a control of a cathode compressor according to a second embodiment of the present
invention.

DESCRIPTION OF EMBODIMENT
(First Embodiment)

[0013] Inafuelcell, anelectrolyte membrane is sandwiched between an anode electrode (fuel electrode) and a cathode
electrode (oxidant electrode) and power is generated by supplying anode gas (fuel gas) containing hydrogen to the
anode electrode and cathode gas (oxidant gas) containing oxygen to the cathode electrode. Electrode reactions which
proceed in both the anode electrode and the cathode electrode are as follows.

[0014]

Anode electrode:
2H,—>4H*+4e" ... (1)
Cathode electrode:

4H*+4e+0, 2H,0 ... @)

[0015] The fuel cell generates an electromotive force of about 1 volt by these electrode reactions (1), (2).

[0016] In the case of using such a fuel cell as a power source for automotive vehicle, a fuel cell stack in which several
hundreds of fuel cells are laminated is used since required power is large. Power for driving the vehicle is taken out by
configuring a fuel cell system for supplying the anode gas and the cathode gas to the fuel cell stack.

[0017] FIG. 1is a schematic diagram of a fuel cell system 100 according to one embodiment of the present invention.
[0018] The fuel cell system 100 includes a fuel cell stack 1, an anode gas supply/discharge device 2, a cathode gas
supply/discharge device 3, a stack cooling device 4 and a controller 5.

[0019] The fuel cell stack 1 is formed by laminating a plurality of fuel cells, generates power by being supplied with
the anode gas and the cathode gas, and supplies the generated power to various electric devices such as a motor (not
shown) necessary to drive the vehicle.

[0020] The anode gas supply/discharge device 2 includes a high pressure tank 21, an anode gas supply passage 22,
an anode pressure regulating valve 23, an anode gas discharge passage 24, an anode gas recirculation passage 25,
arecycle compressor 26 and a discharge valve 27.

[0021] The high pressure tank 21 stores the anode gas to be supplied to the fuel cell stack 1 in a high pressure state.
[0022] The anode gas supply passage 22 is a passage in which the anode gas to be supplied to the fuel cell stack 1
flows, wherein one end is connected to the high pressure tank 21 and the other end is connected to an anode gas inlet
hole 11 of the fuel cell stack 1.

[0023] The anode pressure regulating valve 23 is provided in the anode gas supply passage 22. The anode pressure
regulating valve 23 is controlled to be open and closed by the controller 5 to adjust a pressure of the anode gas flowing
out from the high pressure tank 21 to the anode gas supply passage 22 to a desired pressure.

[0024] The anode gas discharge passage 24 is a passage in which anode off-gas discharged from the fuel cell stack
1 flows, wherein one end is connected to an anode gas outlet hole 12 of the fuel cell stack 11 and the other end is an
open end. The anode off-gas is mixture gas of excess anode gas not used in the electrode reaction and inert gas such
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as nitrogen leaked from the cathode side.

[0025] The anode gas recirculation passage 25 is a passage for returning the anode off-gas discharged to the anode
gas discharge passage 24 to the anode gas supply passage 22. One end of the anode gas recirculation passage 25 is
connected to a side of the anode gas discharge passage 24 upstream of the discharge valve 27 and the other end
thereof is connected to a side of the anode gas supply passage 22 downstream of the anode pressure regulating valve 23.
[0026] The recycle compressor 26 is provided in the anode gas recirculation passage 25. The recycle compressor 26
returns the anode off-gas discharged to the anode gas discharge passage 24 to the anode gas supply passage 22.
[0027] The discharge valve 27 is provided at a position of the anode gas discharge passage 24 downstream of a
connecting part of the anode gas discharge passage 24 and the anode gas recirculation passage 25. The discharge
valve 27 is controlled to be open and closed by the controller 5 to discharge the anode off-gas and condensed water to
the outside of the fuel cell system 100.

[0028] The cathode gas supply/discharge device 3 includes a cathode gas supply passage 31, a cathode gas discharge
passage 32, a filter 33, a cathode compressor 34, an air flow sensor 35, a water recovery device (hereinafter, referred
to as "WRD") 36, a cathode pressure regulating valve 37, a first pressure sensor 38 and a second pressure sensor 39.
[0029] The cathode gas supply passage 31 is a passage in which the cathode gas to be supplied to the fuel cell stack
1 flows. One end of the cathode gas supply passage 31 is connected to the filter 33 and the other end thereof is connected
to a cathode gas inlet hole 13 of the fuel cell stack 1.

[0030] The cathode gas discharge passage 32 is a passage in which cathode off-gas discharged from the fuel cell
stack 1 flows. One end of the cathode gas discharge passage 32 is connected to a cathode gas outlet hole 14 of the
fuel cell stack 1 and the other end thereof is an open end. The cathode off-gas is mixture gas of the cathode gas and
steam produced by the electrode reaction.

[0031] The filter 33 removes foreign substances in the cathode gas taken into the cathode gas supply passage 31.
[0032] The cathode compressor 34 is provided in the cathode gas supply passage 31. The cathode compressor 34
takes in air (outside air) as the cathode gas into the cathode gas supply passage 31 via the filter 33 and supplies it to
the fuel cell stack 1.

[0033] The air flow sensor 35 is provided downstream of the cathode compressor 34 in the cathode gas supply passage
31.The air flow sensor 35 detects a flow rate of the cathode gas flowing in the cathode gas supply passage 31 (hereinafter,
referred to as "cathode flow rate").

[0034] The WARD 36 is a device for recovering moisture in the cathode off-gas and humidifying the cathode gas with
the recovered moisture, and includes a humidifier 361 and a dehumidifier 362.

[0035] The humidifier 361 is provided downstream of the air flow sensor 35 in the cathode gas supply passage 31.
The humidifier 361 humidifies the cathode gas to be supplied to the fuel cell stack 1.

[0036] The dehumidifier 362 is provided in the cathode gas discharge passage 32. The dehumidifier 362 dehumidifies
the cathode off-gas flowing in the cathode gas discharge passage 32 and supplies the recovered steam to the humidifier
361.

[0037] The cathode pressure regulating valve 37 is provided downstream of the humidifier 362 of the WRD 36 in the
cathode gas discharge passage 32. The cathode pressure regulating valve 37 is controlled to be open and closed by
the controller 5 to adjust a pressure of the cathode gas to be supplied to the fuel cell stack 1 (cathode pressure) to a
desired pressure.

[0038] The first pressure sensor 38 is provided upstream of the cathode compressor 34 in the cathode gas supply
passage 31 and detects the pressure of the cathode gas.

[0039] The second pressure sensor 39 is provided downstream of the humidifier 361 of the WRD 36 in the cathode
gas supply passage 31. The pressure sensor 39 detects the pressure of the cathode gas to be supplied to the fuel cell
stack 1 (hereinafter, referred to as "cathode pressure").

[0040] The stack cooling device 4 is a device for cooling the fuel cell stack 1 and keeping the fuel cell stack 1 at a
temperature suitable for power generation. The stack cooling device 4 includes a cooling water circulation passage 41,
aradiator 42, a bypass passage 43, a three-way valve 44, a cooling water circulation pump 45 and a water temperature
sensor 46.

[0041] The cooling water circulation passage 41 is a passage in which cooling water for cooling the fuel cell stack 11
is circulated.

[0042] The radiator 42 is provided in the cooling water circulation passage 41. The radiator 42 cools cooling water
discharged from the fuel cell stack 1.

[0043] One end of the bypass passage 43 is connected to the cooling water circulation passage 41 and the other end
thereof is connected to the three-way valve 44 so that the cooling water can be circulated while bypassing the radiator 42.
[0044] The three-way valve 44 is provided downstream of the radiator 42 in the cooling water circulation passage 41.
The three-way valve 44 switches the circulation passage for the cooling water according to the temperature of the cooling
water. Specifically, when the temperature of the cooling water is relatively high, the circulation passage for the cooling
water is so switched that the cooling water discharged from the fuel cell stack 1 is supplied to the fuel cell stack 1 again



10

15

20

25

30

35

40

45

50

55

EP 2 804 246 B1

via the radiator 42. Conversely, when the temperature of the cooling water is relatively low, the circulation passage for
the cooling water is so switched that the cooling water discharged from the fuel cell stack 1 flows along the bypass
passage 43 and is supplied to the fuel cell stack 1 again without via the radiator 42.

[0045] The cooling water circulation pump 45 is provided downstream of the three-way valve 44 in the cooling water
circulation passage 41 to circulate the cooling water.

[0046] The watertemperature sensor46 is provided upstream of the radiator 42 in the cooling water circulation passage
41. The water temperature sensor 46 detects the temperature of the cooling water discharged from the fuel cell stack
1 (hereinafter, referred to as "stack temperature").

[0047] The controller 5is configured by a microcomputer including a central processing unit (CPU), a read only memory
(ROM), a random access memory (RAM) and an input/output interface (I/O interface). To the controller 5, signals from
various sensors necessary to control the fuel cell system 100 such as a current sensor 51 for detecting an output current
of the fuel cell stack 1, a voltage sensor 52 for detecting an output voltage of the fuel cell stack 1 and an accelerator
stroke sensor 53 for detecting a depressed amount of an accelerator pedal besides the aforementioned air flow sensor
35, first pressure sensor 38, second pressure sensor 39 and water temperature sensor 46 are input.

[0048] The controller 5 calculates power necessary to drive the vehicle based on the detection signals of these various
sensors (hereinafter, referred to as "required output power").

[0049] Further, to cause the fuel cell stack 1 to efficiently generate power, the controller 5 controls an internal moisture
content of the fuel cell stack 1 by controlling the cathode flow rate, the cathode pressure and the stack temperature so
that an electrolyte membrane of each fuel cell constituting the fuel cell stack 1 achieves a predetermined wet state where
the electrolyte membrane is appropriately humidified.

[0050] The wet state of the electrolyte membrane is known to be correlated with an internal high frequency resistance
(HFR) (hereinafter, referred to as "internal resistance") of the fuel cell stack 1. If the internal moisture content of the fuel
cell stack 1 is low and the electrolyte membranes are dry, the internal resistance increases and the output voltage of
the fuel cell stack 1 decreases. On the other hand, if the internal moisture content of the fuel cell stack 1 is excessive,
the dispersion of the anode gas and the cathode gas is obstructed and the output voltage decreases since electrodes
of the fuel cell stack 1 are covered with moisture. Thus, the controller 5 controls the internal moisture content of the fuel
cell stack 1 by controlling the cathode flow rate, the cathode pressure and the stack temperature so that the internal
resistance of the fuel cell stack 1 reaches a predetermined target internal resistance.

[0051] Here, to improve the fuel economy of the fuel cell system 100, it is desirable to reduce the cathode flow rate
as much as possible and operate the cathode compressor 34 at low rotation.

[0052] However, the cathode flow rate needs to be above a minimum flow rate necessary to make the output power
of the fuel cell stack 1 reach at least the required output power (hereinafter, referred to as "minimum cathode flow rate").
Thus, when the internal resistance of the fuel cell stack 1 is converged to the target internal resistance, the cathode
pressure and the stack temperature have to be controlled in some cases after the cathode flow rate is reduced to the
minimum cathode flow rate.

[0053] Since cathode flow rate detection accuracy by the air flow sensor 35 tends to decrease with a decrease in the
cathode flow rate, it has not been possible to actually reduce the cathode flow rate to the minimum cathode flow rate in
an attempt to reduce the cathode flow rate to the minimum cathode flow rate. That is, the cathode flow rate can be
reduced only to a flow rate, which is the minimum cathode flow rate plus a sufficient margin, thereby causing a problem
of degrading fuel economy.

[0054] Accordingly, in the present embodiment, the cathode pressure and the stack temperature are controlled to
adjust the internal resistance to the target internal resistance according to need while the cathode flow rate is accurately
estimated and the cathode compressor 34 is controlled so that the estimated cathode flow rate does not fall below the
minimum cathode flow rate.

[0055] A method for estimating the cathode flow rate according to the present embodiment is described below with
reference to FIGS. 2 to 4.

[0056] FIG. 2 is a graph showing the cathode flow rate necessary to maintain the internal resistance of the fuel cell
stack 1 at a certain fixed value in relation to a stack entrance humidity of the cathode gas.

[0057] As shown in FIG. 2, the cathode flow rate necessary to maintain the internal resistance at the certain fixed
value increases with an increase in the stack entrance humidity of the cathode gas. Further, if the stack entrance humidity
of the cathode gas is the same, the necessary cathode flow rate increases with an increase in the value at which the
internal resistance is maintained.

[0058] This is because the electrolyte membrane becomes wetter as the stack entrance humidity of the cathode gas
increases. To maintain the internal resistance at the fixed value, the cathode flow rate needs to be increased to dry the
electrolyte membrane as the stack entrance humidity increases.

[0059] FIG. 3 is a graph showing the cathode flow rate when each of the cathode pressure, the stack temperature
and an atmospheric humidity indicates a certain fixed value in relation to the stack entrance humidity of the cathode gas.
[0060] AsshowninFIG. 3, the stack entrance humidity of the cathode gas increases as the cathode flow rate decreases.
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Further, if the cathode flow rate is the same, the stack entrance humidity of the cathode gas increases as the cathode
pressure increases, as the stack temperature decreases or as the atmospheric humidity increases. That is, the stack
entrance humidity of the cathode gas increases as each of the parameters, i.e. the cathode pressure, the stack temper-
ature and the atmospheric humidity changes to increase the internal moisture content of the fuel cell stack 1.

[0061] This is due to a property of the WRD 36 to humidify the cathode gas to be supplied to the fuel cell stack 1 by
moisture in the cathode off-gas.

[0062] FIG. 4 is a graph showing a method for estimating the cathode flow rate based on the cathode pressure, the
stack temperature and the internal resistance.

[0063] Although each of the cathode pressure, the stack temperature and the internal resistance is detected in the
present embodiment, the atmospheric humidity is not detected.

[0064] Here, if the internal resistance is known, a solid line A1 shown in FIG. 4 can be drawn by obtaining a relationship
of FIG. 2 described above by an experiment or the like in advance. The solid line A1 is a line representing the cathode
flow rate estimated from the detected current internal resistance (hereinafter, referred to as "actual internal resistance")
in relation to the stack entrance humidity of the cathode gas.

[0065] Further, if the cathode pressure and the stack temperature are known, a solid line B1 shown in FIG. 4 when
the atmospheric humidity is assumed to be 0 % and a solid line B2 shown in FIG. 4 when the atmospheric humidity is
assumed to be 100 % can be drawn by obtaining a relationship of FIG. 3 described above by an experiment or the like
in advance even if the atmospheric humidity is not known.

[0066] The solid line B1 is a line representing the cathode flow rate estimated from the detected cathode pressure
and stack temperature when the atmospheric humidity is assumed to be 0 % in relation to the stack entrance humidity
of the cathode gas. The solid line B2 is a line representing the cathode flow rate estimated from the detected cathode
pressure and stack temperature when the atmospheric humidity is assumed to be 100 % in relation to the stack entrance
humidity of the cathode gas.

[0067] Then, the actual cathode flow rate (hereinafter, referred to as "actual cathode flow rate") can be estimated at
least between the cathode flow rate at an intersection C1 of the solid lines A1, B1 (hereinafter, referred to as "actual
cathode flow rate lower limit value") and the cathode flow rate at an intersection C2 of the solid lines A1, B2 (hereinafter,
referred to as "actual cathode flow rate upper limit value").

[0068] Accordingly, if the cathode compressor 34 is so controlled that the actual cathode flow rate lower limit value
does not fall below the minimum cathode flow rate, at least the actual cathode flow rate does not fall below the minimum
cathode flow rate.

[0069] Thus, in the present embodiment, the actual cathode flow rate lower limit value is basically set as a cathode
flow rate estimated value and the cathode pressure and the stack temperature are controlled to adjust the internal
resistance to the target internal resistance according to need while the cathode compressor 34 is so controlled that the
actual cathode flow rate lower limit value does not fall below the minimum cathode flow rate.

[0070] Next, a wet control of the electrolyte membrane for adjusting the internal resistance to the target internal
resistance is described with reference to FIGS. 5 to 9.

[0071] FIGS.5and 6 are graphs showing the wet control of the electrolyte membrane when the actual internal resistance
is higher than the target internal resistance.

[0072] In FIGS. 5 and 6, a solid line A2 is a line representing the cathode flow rate necessary to maintain the internal
resistance at the target internal resistance in relation to the stack entrance humidity of the cathode gas. It should be
noted that a solid line A1 is a line representing the cathode flow rate estimated from the detected current internal
resistance (hereinafter, referred to as "actual internal resistance") in relation to the stack entrance humidity of the cathode
gas asin FIG. 4. A solid line B1 is a line representing the cathode flow rate estimated from the detected cathode pressure
and stack temperature when the atmospheric humidity is assumed to be 0 % in relation to the stack entrance humidity
of the cathode gas as in FIG. 4.

[0073] AsshowninFIG. 5, if the actual internal resistance is higher than the target internal resistance and the cathode
flow rate at an intersection C3 of the solid lines A2 and B1 (hereinafter, referred to as "target cathode flow rate lower
limit value") is not lower than the minimum cathode flow rate, the actual internal resistance can be converged to the
target internal resistance by controlling the cathode compressor 34 such that the cathode flow rate is reduced by a
difference between the actual cathode flow rate lower limit value and the target cathode flow rate lower limit value.
[0074] However, if the target cathode flow rate lower limit value is smaller than the minimum cathode flow rate as
shown in FIG. 6, the cathode flow rate can be reduced only to the minimum cathode flow rate without being able to be
reduced to the target cathode flow rate lower limit value. This is because the output power falls below the required output
power if the cathode flow rate is reduced to the target cathode flow rate lower limit value when the target cathode flow
rate lower limit value is smaller than the minimum cathode flow rate.

[0075] Accordingly, in such a case, the internal resistance is converged to the target internal resistance by controlling
one or both of the cathode pressure and the stack temperature after the cathode compressor 34 is controlled to reduce
the cathode flow rate by the difference between the actual cathode flow rate lower limit value and the minimum cathode
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flow rate. Specifically, the solid line B1 is moved to a solid line B1’ by increasing the cathode pressure or decreasing
the stack temperature, thereby converging the internal resistance to the target internal resistance. The solid line B1’ is
a line on which the cathode flow rate at an intersection C4 of the solid lines A2, B1’ is the minimum cathode flow rate.
[0076] Next, the wet control of the electrolyte membrane when the actual internal resistance is lower than the target
internal resistance is described with reference to FIGS. 7 to 10.

[0077] FIG. 7 is a graph showing a relationship between the wet state of the electrolyte membrane and the internal
resistance.

[0078] As shown in FIG. 7, the internal resistance of the fuel cell stack 1 changes according to the wet state of the
electrolyte membrane. The drier the electrolyte membrane, the higher the internal resistance. An amount of change of
the internal resistance according to a change in the wet state of the electrolyte membrane is larger when a degree of
wetness of the electrolyte membrane is low, i.e. when the electrolyte membrane is relatively dry. Conversely, the amount
of change of the internal resistance when the wet state of the electrolyte membrane changes is smaller when the degree
of wetness of the electrolyte membrane is high, i.e. when the electrolyte membrane is relatively wet.

[0079] Thus, estimation accuracy may fall if the cathode flow rate is estimated based on the cathode pressure, the
stack temperature and the actual internal resistance when the electrolyte membrane is relatively wet and the actual
internal resistance is low.

[0080] Accordingly, in the present embodiment, a map of FIG. 8 is exceptionally referred to and the cathode flow rate
is estimated based on a rotation speed of the cathode compressor 34 and a differential pressure before and after the
cathode compressor 34 when the actual internal resistance is lower than the target internal resistance.

[0081] FIG. 8 is the map for estimating the cathode flow rate based on the rotation speed of the cathode compressor
34 and the differential pressure before and after the cathode compressor 34.

[0082] As shown in FIG. 8, the cathode flow rate estimated value increases as the rotation speed of the cathode
compressor 34 increases and as the differential pressure before and after the cathode compressor 34 increases.
[0083] FIGS. 9 and 10 are graphs showing the wet control of the electrolyte membrane when the actual internal
resistance is lower than the target internal resistance.

[0084] InFIGS.9and 10, a solid line A2 is a line representing the cathode flow rate necessary to maintain the internal
resistance at the target internal resistance in relation to the stack entrance humidity of the cathode gas as in FIG. 5. A
solid line B1 is a line representing the cathode flow rate estimated from the detected cathode pressure and stack
temperature when the atmospheric humidity is assumed to be 0 % in relation to the stack entrance humidity of the
cathode gas as in FIG. 4.

[0085] As shown in FIG. 9, if the minimum cathode flow rate is higher than the target cathode flow rate lower limit
value, the cathode compressor 34 is so controlled as to increase the cathode flow rate by a difference between the
minimum cathode flow rate and an estimated value of the cathode flow rate estimated based on the rotation speed of
the cathode compressor 34 and the differential pressure before and after the cathode compressor 34 (hereinafter,
referred to as "cathode flow rate estimated value"). Thereafter, the solid line B1 is moved to a solid line B1’ by increasing
the cathode pressure or decreasing the stack temperature, thereby converging the internal resistance to the target
internal resistance.

[0086] On the other hand, if the minimum cathode flow rate is lower than the target cathode flow rate lower limit value
as shown in FIG. 10, the cathode compressor 34 is so controlled as to increase the cathode flow rate by the difference
between the minimum cathode flow rate and the cathode flow rate estimated value. Thereafter, the solid line B1 is moved
to the solid line B1’ by decreasing the cathode pressure or increasing the stack temperature, thereby converging the
internal resistance to the target internal resistance.

[0087] The wet control of the electrolyte membrane according to the present embodiment is described below.
[0088] FIG. 11isaflow chartshowing the wet control of the electrolyte membrane according to the presentembodiment.
[0089] In Step S1, the controller 5 reads detection signals of various sensors and detects an operating state of the
fuel cell system 100.

[0090] In Step S2, the controller 5 calculates the required output power based on the operating state of the fuel cell
system 100.

[0091] In Step S3, the controller 5 calculates the minimum cathode flow rate based on the required output power. The
minimum cathode flow rate decreases as the required output power decreases.

[0092] In Step S4, the controller 5 detects the actual internal resistance of the fuel cell stack 1. Specifically, an alternating
current is superimposed on an output current of the fuel cell stack 1 by controlling, for example, a DC/DC converter (not
shown) or the like, and detects a voltage value of the fuel cell stack 11 at that time by a voltage sensor. A voltage
amplitude of the superimposed alternating current is computed based on the voltage value and the internal resistance
of the fuel cell is computed by dividing the voltage amplitude by a current amplitude of the superimposed alternating
current.

[0093] In Step S5, the controller 5 calculates the actual cathode flow rate lower limit value based on the cathode
pressure, the stack temperature and the actual internal resistance.
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[0094] In Step S6, the controller 5 calculates the target cathode flow rate lower limit value based on the cathode
pressure, the stack temperature and the predetermined target internal resistance set in advance.

[0095] In Step S7, the controller 5 determines whether or not the actual internal resistance and the target internal
resistance are equal. Specifically, if an absolute value of a difference between the actual internal resistance and the
target internal resistance is not larger than a predetermined value, the actual internal resistance and the target internal
resistance are determined to be equal. If the actual internal resistance and the target internal resistance are equal, the
controller 5 finishes the process this time. On the other hand, a processing of Step S8 is performed unless the actual
internal resistance and the target internal resistance are equal.

[0096] In Step S8, the controller 5 performs an electrolyte membrane wet control process. The electrolyte membrane
wet control process is described in detail below with reference to FIG. 12.

[0097] FIG. 12is a flow chart showing the electrolyte membrane wet control process.

[0098] In Step S81, the controller 5 determines whether or not the actual internal resistance is higher than the target
internal resistance. The controller 5 performs a processing of Step S82 if the actual internal resistance is higher than
the target internal resistance. On the other hand, a processing of Step S86 is performed if the actual internal resistance
is not higher than the target internal resistance.

[0099] In Step S82, the controller 5 determines whether or not the target cathode flow rate lower limit value is not
smaller than the minimum cathode flow rate. The controller 5 performs a processing of Step S83 if the target cathode
flow rate lower limit value is not smaller than the minimum cathode flow rate. On the other hand, a processing of Step
S84 is performed if the target cathode flow rate lower limit value is smaller than the minimum cathode flow rate.
[0100] In Step S83, the controller 5 controls the cathode compressor 34 to reduce the cathode flow rate by the difference
between the actual cathode flow rate lower limit value and the target cathode flow rate lower limit value. This causes
the internal resistance to converge to the target internal resistance (see FIG. 5).

[0101] In Step S84, the controller 5 controls the cathode compressor 34 to reduce the cathode flow rate by a difference
between the actual cathode flow rate lower limit value and the minimum cathode flow rate (see FIG. 6).

[0102] In Step S85, the controller 5 controls one or both of the cathode pressure and the stack temperature so that
the internal resistance becomes the target internal resistance. Specifically, the cathode pressure is increased in the
case of controlling the cathode pressure and the stack temperature is decreased in the case of controlling the stack
temperature. This causes the internal resistance to converge to the target internal resistance (see FIG. 6).

[0103] In Step S86, the controller 5 refers to the map of FIG. 9 and calculates the cathode flow rate estimated value
based on the rotation speed of the cathode compressor 34 and the differential pressure before and after the cathode
compressor 34.

[0104] In Step S87, the controller 5 controls the cathode compressor 34 to increase the cathode flow rate by the
difference between the minimum cathode flow rate and the cathode flow rate estimated value (see FIGS. 8 and 9).
[0105] In Step S88, the controller 5 determines whether or not the minimum cathode flow rate is higher than the target
cathode flow rate lower limit value. The controller 5 performs a processing of Step S89 if the minimum cathode flow rate
is higher than the target cathode flow rate lower limit value. On the other hand, a processing of Step S90 is performed
if the minimum cathode flow rate is not higher than the target cathode flow rate.

[0106] In Step S89, the controller 5 controls one or both of the cathode pressure and the stack temperature so that
the internal resistance becomes the target internal resistance. Specifically, the cathode pressure is increased in the
case of controlling the cathode pressure and the stack temperature is decreased in the case of controlling the stack
temperature (see FIG. 8).

[0107] In Step S90, the controller 5 controls one or both of the cathode pressure and the stack temperature so that
the internal resistance becomes the target internal resistance. Specifically, the cathode pressure is decreased in the
case of controlling the cathode pressure and the stack temperature is increased in the case of controlling the stack
temperature (see FIG. 9).

[0108] Functions and effects according to the present embodiment are described below.

[0109] Inthe case of executing a control to prevent the cathode flow rate detected by the air flow sensor 35 from falling
below the minimum cathode flow rate, the cathode flow rate can be reduced only to the flow rate, which is the minimum
cathode flow rate plus the sufficient margin, due to the influence of the detection accuracy of the air flow sensor 35.
[0110] Contrary to this, according to the present embodiment, a minimum value of the flow rate considered to be the
current cathode flow rate, i.e. the actual cathode flow rate lower limit value is calculated based on the cathode pressure,
the stack temperature and the internal resistance, and the calculated value is set as the cathode flow rate estimated value.
[0111] Since this enables the cathode flow rate to be estimated with high accuracy, the cathode flow rate can be
reduced to a flow rate closer to the minimum cathode flow rate as compared with the case of executing the control to
prevent the cathode flow rate detected by the air flow sensor 35 from falling below the minimum cathode flow rate. Thus,
the cathode compressor 34 can be operated at low rotation, wherefore the fuel economy of the fuel cell system 100 can
be improved.

[0112] Further, according to the present embodiment, the cathode pressure and the stack temperature are controlled
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to adjust the internal resistance to the target internal resistance according to need while the cathode compressor 34 is
controlled to prevent the actual cathode flow rate lower limit value from falling below the minimum cathode flow rate
determined according to the operating state of the fuel cell system 100.

[0113] Since this enables the wet state of the electrolyte membrane to be maintained in an optimal state, the power
generation efficiency of the fuel cell system 100 can be improved.

[0114] Further, according to the present embodiment, the cathode flow rate is estimated based on the rotation speed
of the cathode compressor 34 and the differential pressure before and after the cathode compressor 34 when the internal
resistance of the fuel cell stack 1 is higher than a predetermined value and estimation accuracy when the cathode flow
rate is estimated based on the cathode pressure, the stack temperature and the internal resistance may fall.

[0115] Since this enables the estimation accuracy of the cathode flow rate to be maintained, the cathode flow rate can
be reliably prevented from falling below the minimum cathode flow rate and the cathode compressor 34 can be operated
at low rotation, wherefore the fuel economy of the fuel cell system 100 can be improved.

(Second Embodiment)

[0116] Next, a second embodiment of the present invention is described. In the present embodiment, the cathode
compressor 34 is feedback-controlled using an estimated cathode flow rate instead of the cathode flow rate detected
by the air flow sensor 35 in a region where the detection accuracy of the air flow sensor 35 is low. It should be noted
that, in the following embodiment, components having functions similar to those of the first embodiment described above
are denoted by the same reference signs and repeated description is omitted as appropriate.

[0117] As described above, the detection accuracy of the air flow sensor 35 tends to decrease with a decrease in the
cathode flow rate.

[0118] Accordingly, in the present embodiment, the cathode compressor 34 is feedback-controlled using the estimated
cathode flow rate in the region where the detection accuracy of the air flow sensor 35 is low, i.e. the cathode flow rate
detected by the air flow sensor 35 is below a predetermined flow rate.

[0119] Specifically, in the region where the cathode flow rate detected by the air flow sensor 35 is below the prede-
termined flow rate, the cathode compressor 34 is feedback-controlled based on the estimated cathode flow rate and a
target value of the cathode gas to be supplied to the fuel cell stack 1 (hereinafter, referred to as "target cathode flow
rate") so that the estimated cathode flow rate becomes the target cathode flow rate. On the other hand, in a region where
the cathode flow rate detected by the air flow sensor 35 is not below the predetermined flow rate, the cathode compressor
34 is feedback-controlled based on the cathode flow rate detected by the air flow sensor 35 and the target cathode flow
rate so that the detected cathode flow rate becomes the target cathode flow rate.

[0120] A control of the cathode compressor 34 according to this embodiment is described below with reference to a
flow chart of FIG. 13.

[0121] FIG. 13 is the flow chart showing the control of the cathode compressor 34 according to this embodiment.
[0122] In Step S21, the controller 5 calculates the target cathode flow rate based on the operating state of the fuel cell
system 100. The target cathode flow rate is a flow rate capable of also preventing flooding while satisfying target output
power.

[0123] In Step S22, the controller 5 sets an actual cathode flow rate lower limit value calculated based on the cathode
pressure, the stack temperature and the actual internal resistance as an estimated value of the cathode flow rate.
[0124] In Step S23, the controller 5 determines whether or not the cathode flow rate detected by the air flow sensor
35 is below the predetermined flow rate. The controller 5 performs a processing of S24 if the cathode flow rate detected
by the air flow sensor 35 is below the predetermined flow rate. On the other hand, a processing of Step S25 is performed
if the cathode flow rate detected by the air flow sensor 35 is not below the predetermined flow rate.

[0125] In Step S24, the controller 5 feedback-controls the cathode compressor 34 based on the estimated value of
the cathode flow rate and the target cathode flow rate so that the estimated value of the cathode flow rate becomes the
target cathode flow rate.

[0126] In Step S25, the controller 5 feedback-controls the cathode compressor 34 based on the cathode flow rate
detected by the air flow sensor 35 and the target cathode flow rate so that the detected cathode flow rate becomes the
target cathode flow rate.

[0127] According to the present embodiment described above, the cathode compressor 34 is feedback-controlled
toward the target cathode flow rate using the more accurate estimated cathode flow rate instead of the cathode flow
rate detected by the air flow sensor 35 in the region where the detection accuracy of the air flow sensor 35 is low.
[0128] Since this eliminates the need for setting the target cathode flow rate higher than necessary for safety in the
region where the detection accuracy of the air flow sensor 35 is low, the cathode compressor 34 can be operated at low
rotation and the fuel economy of the fuel cell system 100 can be improved.

[0129] Although the embodiments of the present invention have been described above, the above embodiments are
only an illustration of some application examples of the present invention and not intended to limit the technical scope
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of the present invention to the specific configurations of the above embodiments.

[0130] In the above first embodiment, since estimation accuracy may fall if the cathode flow rate is estimated based
on the stack temperature and the actual internal resistance when the actual internal resistance is relatively low, the
cathode flow rate is estimated according to the operating state of the cathode compressor 34 in such a case.

[0131] However, the cathode flow rate may be estimated based on the cathode pressure, the stack temperature and
the actual internal resistance regardless of the magnitude of the actual internal resistance by correcting to increase the
minimum cathode flow rate with a decrease in the actual internal resistance. By doing so, even if the estimation accuracy
of the cathode flow rate is slightly degraded, the fall of the actual cathode flow rate below the minimum cathode flow
rate can be suppressed, with the result that the deterioration of power generation efficiency can be prevented.

[0132] Further, in the above first embodiment, the cathode flow rate is estimated based on the cathode pressure, the
stack temperature and the actual internal resistance, assuming that the atmospheric humidity is 0 %.

[0133] However, in the case of including a humidity sensor for detecting the atmospheric humidity, the estimated
cathode flow rate may be corrected according to a detection value of the humidity sensor. Specifically, the estimated
cathode flow rate may be corrected to increase with an increase in the atmospheric humidity. This enables the cathode
flow rate to be estimated with higher accuracy.

[0134] Further, in the above first embodiment, the wet control of the electrolyte membrane may be executed only in
the region where the detection accuracy of the air flow sensor 35 is low.

Claims

1. A fuel cell system (100) configured to generate power by supplying anode gas and cathode gas to a fuel cell (1),
comprising:

a cathode gas supply unit (34) configured to supply the cathode gas to the fuel cell (1);

a cathode pressure detection unit (39) configured to detect a pressure of the cathode gas to be supplied to the
fuel cell (1);

a fuel cell temperature detection unit (46) configured to detect a temperature of the fuel cell (1);

an internal resistance detection unit (5) configured to detect an internal resistance of the fuel cell (1);

a target cathode flow rate calculation unit (5) configured to calculate a target cathode flow rate necessary for
supply to the fuel cell (1) based on an operating state of the fuel cell system (100);

a cathode flow rate estimation unit (5) configured to estimate a flow rate of the cathode gas according to the
pressure of the cathode gas, the temperature of the fuel cell (1) and the internal resistance of the fuel cell (1); and
a cathode flow rate control unit (5) configured to control the cathode gas supply unit (34) such that the estimated
flow rate of the cathode gas becomes closer to the target cathode flow rate.

2. The fuel cell system (100) according to claim 1, wherein the cathode flow rate estimation unit (5) increases an
estimated value of the flow rate of the cathode gas with an increase in the internal resistance of the fuel cell (1).

3. The fuel cell system (100) according to claim 1 or 2, wherein the cathode flow rate estimation unit (5) increases an
estimated value of the flow rate of the cathode gas with an increase in the pressure of the cathode gas.

4. The fuel cell system (100) according to any one of claims 1 to 3, wherein the cathode flow rate estimation unit (5)
increases an estimated value of the flow rate of the cathode gas with a decrease in the temperature of the fuel cell (1).

5. The fuel cell system (100) according to any one of claims 1 to 4, wherein the cathode flow rate estimation unit (5)
estimates the flow rate of the cathode gas, assuming that an atmospheric humidity has a minimum value in an
external environment where the fuel cell (1) is used.

6. The fuel cell system (100) according to any one of claims 1 to 4, comprising an atmospheric humidity detection unit
(5) configured to detect an atmospheric humidity, wherein:

the cathode flow rate estimation unit (5) corrects to increase an estimated value of the flow rate of the cathode
gas estimated according to the pressure of the cathode gas, the temperature of the fuel cell (1) and the internal

resistance of the fuel cell (1) with an increase in the atmospheric humidity.

7. The fuel cell system (100) according to any one of claims 1 to 6, comprising an internal resistance control unit (5)
configured to control the internal resistance of the fuel cell (1) to a predetermined target internal resistance, wherein:
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the internal resistance control unit (5) controls the internal resistance of the fuel cell (1) to the predetermined
target internal resistance by increasing the pressure of the cathode gas if the internal resistance of the fuel cell
(1) is higher than the target internal resistance when the estimated flow rate of the cathode gas and the target
cathode flow rate are equal.

8. The fuel cell system (100) according to any one of claims 1 to 6, comprising an internal resistance control unit (5)

configured to control the internal resistance of the fuel cell (1) to a predetermined target internal resistance, wherein:

the internal resistance control unit (5) controls the internal resistance of the fuel cell (1) to the predetermined
target internal resistance by decreasing the temperature of the fuel cell (1) if the internal resistance of the fuel
cell (1) is higher than the target internal resistance when the estimated flow rate of the cathode gas and the
target cathode flow rate are equal.

9. The fuel cell system (100) according to any one of claims 1 to 8, wherein the cathode flow rate estimation unit (5):

10.

1.

estimates the flow rate of the cathode gas according to the pressure of the cathode gas, the temperature of the
fuel cell (1) and the internal resistance of the fuel cell (1) when the internal resistance of the fuel cell (1) is higher
than a predetermined value; and

estimates the flow rate of the cathode gas based on a rotation speed of a compressor for feeding the cathode
gas under pressure to the fuel cell (1) and a differential pressure before and after the compressor when the
internal resistance of the fuel cell (1) is lower than the predetermined value.

The fuel cell system (100) according to any one of claims 1 to 7, wherein the target cathode flow rate calculation
unit (5) corrects to increase the minimum cathode flow rate with anincrease in the internal resistance of the fuel cell (1).

The fuel cell system (100) according to any one of claims 1 to 10, comprising a cathode flow rate detection unit (35)
configured to detect a flow rate of the cathode gas to be supplied to the fuel cell (1), wherein:

the cathode flow rate control unit (5) controls the cathode gas supply unit (34) based on the target cathode flow
rate and the estimated flow rate of the cathode gas when the flow rate of the cathode gas is lower than a
predetermined flow rate

Patentanspriiche

1.

Brennstoffzellensystem (100), das so ausgefiihrt ist, dass es Strom erzeugt, indem es einer Brennstoffzelle (1)
Anodengas und Kathodengas zufiihrt, wobei es umfasst:

eine Kathodengas-Zuflihreinheit (34), die so ausgefiihrt ist, dass sie der Brennstoffzelle (1) das Kathodengas
zufuhrt,

eine Kathodendruck-Erfassungseinheit (39), die so ausgefiihrt ist, dass sie einen Druck des der Brennstoffzelle
(1) zuzufiihrenden Kathodengases erfasst;

eine Brennstoffzetten-Temperaturerfassungseinheit (46), die so ausgefiihrt ist, dass sie eine Temperatur der
Brennstoffzelle (1) erfasst;

ein eine en Innenwiderstands-Erfassungseinheit (5), die so eingerichtet ist, dass sie einen Innenwiderstand der
Brennstoffzelle (1) erfasst;

eine Einheit (5) zur Berechnung einer Kathoden-Sollstrdmungsgeschwindigkeit, die so ausgeflhrt ist, dass sie
eine Kathoden-Sollstromungsgeschwindigkeit, die fir Zufuhr zu der Brennstoffzelle (1) erforderlich ist, auf Basis
eines Betriebszustandes des Brennstoffzellensystems (100) berechnet;

eine Einheit (5) zur Schatzung einer Kathoden-Strémungsgeschwindigkeit, die so ausgefiihrt ist, dass sie eine
Stréomungsgeschwindigkeit des Kathodengases entsprechend dem Druck des Kathodengases, der Temperatur
der Brennstoffzelle (1) und des Innenwiderstandes der Brennstoffzelle (1) schatzt; und

eine Einheit (5) zur Steuerung der Kathoden-Stromungsgeschwindigkeit, die so ausgefiihrt ist, dass sie die
Kathodengas-Zuflihreinheit (34) so steuert, dass die geschéatzte Stromungsgeschwindigkeit des Kathodengases
naher an der Kathoden-Sollstrémungsgeschwindigkeit liegt.

2. Brennstoffzellensystem (100) nach Anspruch 1, wobei die Einheit (5) zur Schatzung der Kathoden-Strdomungsge-

schwindigkeit einen Schatzwert der Strémungsgeschwindigkeit des Kathodengases mit einer Zunahme des Innen-
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widerstandes der Brennstoffzelle (1) erhéht.

Brennstoffzellensystem (100) nach Anspruch 1 oder 2, wobei die Einheit (5) zur Schatzung der Kathoden-Stro-
mungsgeschwindigkeit einen Schatzwert der Stromungsgeschwindigkeit des Kathodengases mit einer Zunahme
des Drucks des Kathodengases erhéht.

Brennstoffzellensystem (100) nach einem der Anspriiche 1 bis 3, wobei die Einheit (5) zur Schatzung der Kathoden-
Strémungsgeschwindigkeit einen Schatzwert der Stromungsgeschwindigkeit des Kathodengases mit einer Abnah-
me der Temperatur der Brennstoffzelle (1) erhdht.

Brennstoffzellensystem (100) nach einem der Anspriiche 1 bis 4, wobei die Einheit (5) zur Schatzung der Kathoden-
Strémungsgeschwindigkeit die Strémungsgeschwindigkeit des Kathodengases unter der Voraussetzung schéatzt,
dass eine Luftfeuchtigkeit einer dulReren Umgebung, in der die Brennstoffzelle (1) eingesetzt wird, einen minimalen
Wert hat.

Brennstoffzellensystem (100) nach einem der Anspriiche 1 bis 4, die eine Luftfeuchtigkeits-Erfassungseinheit (5)
umfasst, die so ausgefiihrt ist, dass sie eine Luftfeuchtigkeit erfasst, wobei:

die Einheit (5) zur Schatzung der Kathoden-Strdomungsgeschwindigkeit einen Schatzwert der Strémungsge-
schwindigkeit des Kathodengases, der entsprechend dem Druck des Kathodengases, der Temperatur der
Brennstoffzelle (1) und dem Innenwiderstand der Brennstoffzelle (1) geschéatzt wird, Korrektur so ausfiihrt, dass
er mit einer Zunahme der Luftfeuchtigkeit erhéht wird.

Brennstoffzellensystem (100) nach einem der Anspriiche 1 bis 6, die eine Einheit (5) zur Steuerung des Innenwi-
derstandes umfasst, die so ausgefiihrt ist, dass sie den Innenwiderstand der Brennstoffzelle (1) auf einen vorge-
gebenen Soll-Innenwiderstand erhéht, wobei:

die Einheit (5) zur Steuerung des Innenwiderstandes den Innenwiderstand der Brennstoffzelle (1) auf den
vorgegebenen Soll-Innenwiderstand erhéht, indem sie den Druck des Kathodengases erhoht, wenn der Innen-
widerstand der Brennstoffzelle (1) hdher ist als der Soll-innenwiderstand und die geschatzte Strémungsge-
schwindigkeit des Kathodengases und die Kathoden-Sollstromungsgeschwindigkeit gleich sind.

Brennstoffzellensystem (100) nach einem der Anspriiche 1 bis 6, die eine Einheit (5) zur Steuerung des Innenwi-
derstandes umfasst, die so ausgefiihrt ist, dass sie den Innenwiderstand der Brennstoffzelle (1) auf einen vorge-
gebenen Soll-Innenwiderstand erhéht, wobei:

die Einheit (5) zur Steuerung des Innenwiderstandes den Innenwiderstand der Brennstoffzelle (1) auf den
vorgegebenen Soll-Innenwiderstand erhoht, indem sie die Temperatur der Brennstoffzelle (1) verringert, wenn
der Innenwiderstand der Brennstoffzelle (1) hoher ist als der Soll-Innenwiderstand und die geschatzte Stro-
mungsgeschwindigkeit des Kathodengases und die Kathoden-Sollstrdmungsgeschwindigkeit gleich sind.

Brennstoffzellensystem (100) nach einem der Anspriiche 1 bis 8, wobei die Einheit (5) zur Schatzung der Kathoden-
Stréomungsgeschwindigkeit die Strdomungsgeschwindigkeit des Kathodengases entsprechend dem Druck des Ka-
thodengases, der Temperatur der Brennstoffzelle (1) sowie dem Innenwiderstand der Brennstoffzelle (1) schatzt,
wenn der Innenwiderstand der Brennstoffzelle (1) héher ist als ein vorgegebener Wert; und

die Stromungsgeschwindigkeit des Kathodengases auf Basis einer Drehgeschwindigkeit eines Kompressors, mit
dem das Kathodengas der Brennstoffzelle (1) unter Druck zugefiihrt wird, sowie eines Differenzdrucks vor und hinter
dem Kompressor schatzt, wenn der Innenwiderstand der Brennstoffzelle (1) niedriger ist als der vorgegebene Wert.

Brennstoffzellensystem (100) nach einem der Anspriiche 1 bis 7, wobei die Einheit (5) zur Berechnung der Kathoden-
Sollstromungsgeschwindigkeit Korrektur so ausfiihrt, dass sie die minimale Kathoden-Stromungsgeschwindigkeit
mit einer Zunahme des Innenwiderstandes der Brennstoffzelle (1) erhdht.

Brennstoffzellensystem (100) nach einem der Anspriiche 1 bis 10, die eine Einheit (35) zur Erfassung einer Kathoden-
Strémungsgeschwindigkeit umfasst, die so ausgeflhrt ist, dass sie eine Strémungsgeschwindigkeit des der Brenn-

stoffzelle (1) zuzufiihrenden Kathodengases erfasst, wobei:

die Einheit (5) zur Steuerung der Kathoden-Strémungsgeschwindigkeit die Kathodengas-Zufiihreinheit (34) auf
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Basis der Kathoden-Sollstrémungsgeschwindigkeit sowie der geschatzten Strdmungsgeschwindigkeit des Ka-
thodengases steuert, wenn die Strémungsgeschwindigkeit des Kathodengases niedriger ist als eine vorgege-
bene Strémungsgeschwindigkeit.

Revendications

Systeme de pile a combustible (100) configuré pour générer de I'énergie en fournissant un gaz d’anode et un gaz
de cathode a une pile a combustible (1), comprenant :

une unité de fourniture de gaz de cathode (34) configurée pour fournir le gaz de cathode a la pile a combustible
OF

une unité de détection de pression de cathode (39) configurée pour détecter la pression du gaz de cathode
destiné a étre fourni a la pile a combustible (1) ;

une unité de détection de température de pile a combustible (46) configurée pour détecter la température de
la pile @ combustible (1) ;

une unité de détection de résistance interne (5) configurée pour détecter la résistance interne de la pile a
combustible (1) ;

une unité de calcul de débit de cathode cible (5) configurée pour calculer le débit de cathode cible nécessaire
afournir a la pile a combustible (1) en se fondant sur I'état de fonctionnement du systeme de pile a combustible
(100) ;

une unité d’estimation de débit de cathode (5) configurée pour estimer le débit du gaz de cathode en fonction
de la pression du gaz de cathode, de la température de la pile a combustible (1) et de la résistance interne de
la pile a combustible (1) ; et

une unité de commande de débit de cathode (5) configurée pour commander l'unité de fourniture de gaz de
cathode (34) de sorte que le débit estimé du gaz de cathode se rapproche du débit de cathode cible.

Systeme de pile a combustible (100) selon la revendication 1, dans lequel 'unité d’estimation de débit de cathode
(5) augmente la valeur estimée du débit du gaz de cathode avec I'augmentation de la résistance interne de la pile
a combustible (1).

Systeme de pile a combustible (100) selon la revendication 1 ou 2, dans lequel I'unité d’estimation de débit de
cathode (5) augmente la valeur estimée du débit du gaz de cathode avec 'augmentation de la pression du gaz de
cathode.

Systeme de pile a combustible (100) selon 'une quelconque des revendications 1 a 3, dans lequel I'unité d’estimation
de débit de cathode (5) augmente la valeur estimée du débit du gaz de cathode avec la diminution de la température
de la pile a combustible (1).

Systeme de pile a combustible (100) selon 'une quelconque des revendications 1 a4, dans lequel I'unité d’estimation
de débit de cathode (5) estime le débit du gaz de cathode en supposant que 'humidité atmosphérique posséde
une valeur minimale dans un environnement externe ou est utilisée la pile a combustible (1).

Systeme de pile a combustible (100) selon I'une quelconque des revendications 1 a 4, comprenant une unité de
détection d’humidité atmosphérique (5) configurée pour détecter 'humidité atmosphérique, dans lequel :

'unité d’estimation de débit de cathode (5) corrige en 'augmentant la valeur estimée du débit du gaz de cathode
estimé en fonction de la pression du gaz de cathode, de la température de la pile a combustible (1) et de la
résistance interne de la pile a combustible (1) avec 'augmentation de 'humidité atmosphérique.

Systeme de pile a combustible (100) selon I'une quelconque des revendications 1 a 6, comprenant une unité de
commande de résistance interne (5) configurée pour commander la résistance interne de la pile a combustible (1)
a une résistance interne cible prédéterminée, dans lequel :

'unité de commande de résistance interne (5) commande la résistance interne de la pile a combustible (1) a
la résistance interne cible prédéterminée en augmentant la pression du gaz de cathode si la résistance interne
de la pile a combustible (1) est supérieure a la résistance interne cible lorsque le débit estimé du gaz de cathode
et le débit de cathode cible sont égaux.
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Systeme de pile a combustible (100) selon I'une quelconque des revendications 1 a 6, comprenant une unité de
commande de résistance interne (5) configurée pour commander la résistance interne de la pile a combustible (1)
a une résistance interne cible prédéterminée, dans lequel :

'unité de commande de résistance interne (5) commande la résistance interne de la pile a combustible (1) a
la résistance interne cible prédéterminée en diminuant la température de la pile a combustible (1) silarésistance
interne de la pile a combustible (1) est supérieure a la résistance interne cible lorsque le débit estimé du gaz
de cathode et le débit de cathode cible sont égaux.

Systeme de pile a combustible (100) selon 'une quelconque des revendications 1 a 8, dans lequel I'unité d’estimation
de débit de cathode (5) :

estime le débit du gaz de cathode en fonction de la pression du gaz de cathode, de la température de la pile a
combustible (1) et de la résistance interne de la pile a8 combustible (1) lorsque la résistance interne de la pile
a combustible (1) est supérieure a une valeur prédéterminée ; et

estime le débit du gaz de cathode en se fondant sur la vitesse de rotation d’'un compresseur pour fournir le gaz
de cathode sous pression a la pile a combustible (1) et la pression différentielle avant et aprés le compresseur
lorsque la résistance interne de la pile a combustible (1) est inférieure a la valeur prédéterminée.

Systeme de pile a combustible (100) selon I'une quelconque des revendications 1 a 7, dans lequel I'unité de calcul
de débit de cathode cible (5) corrige en 'augmentant le débit de cathode minimum avec I'augmentation de la
résistance interne de la pile a combustible (1).

Systeme de pile a combustible (100) selon 'une quelconque des revendications 1 a 10, comprenant une unité de
détection de débit de cathode (35) configurée pour détecter le débit du gaz de cathode destiné a étre fourni a la
pile a combustible (1), dans lequel :

'unité de commande de débit de cathode (5) commande I'unité de fourniture de gaz de cathode (34) en se

fondant sur le débit de cathode cible et le débit estimé du gaz de cathode lorsque le débit du gaz de cathode
est inférieur a un débit prédéterminé.
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